Traditionally, kenaf has been cultivated for fi ber production (Taylor and Kugler, 1992) . However, several studies have demonstrated its potential as a forage crop (Swingle et al., 1978; Rojas et al., 1994) , especially when harvested early (Phillips et al., 1989; González-Valenzuela et al., 2008) . Several researchers have reported protein concentrations from 154 to 279 g kg −1 in kenaf harvested at 40 to 105 DAS (Swingle et al., 1978; Phillips et al., 1999; Nielsen, 2004) . At 30 to 65 DAS kenaf neutral detergent fi ber (NDF) concentrations ranged from 224 to 286 g kg −1 and acid detergent fi ber (ADF) concentrations ranged from 176 to 236 g kg −1 (Swingle et al., 1978; Vinson et al., 1979) . However, NDF (352-515 g kg −1 ) and ADF (294-419 g kg −1 ) concentrations increased considerably with delayed harvest (80-105 DAS) (Swingle et al., 1978; Vinson et al., 1979; Phillips et al., 1996) .
Little information is available regarding kenaf forage response to population density, which aff ects plant morphology, dry matter (DM) accumulation, and susceptibility to lodging. Previous research has focused primarily on the eff ect of population density on stem and total DM yield for fi ber production (Campbell and White, 1982; Acreche et al., 2005) .
Increasing kenaf population densities results in greater plant competition for water, light, and nutrients; therefore, plants are typically shorter with smaller stem diameters and are more susceptible to lodging (Higgins and White, 1970; Acreche et al., 2005) . At very low planting densities kenaf produces multiple branches, which renders harvesting more diffi cult (Higgins and White, 1970; Massey, 1973) . Optimum population density for DM production varies according to environment, agronomic management, and cultivar. In other studies kenaf plants have displayed high plasticity. Webber et al. (2001) reported from 185,000 to 370,000 plants ha −1 as the desirable population density for kenaf. However, due to the infl uence of diff erent factors such as environment and cultivars, other research suggests optimum population density varies from 400,000 to 700,000 plants ha −1 (Campbell and White, 1982; Bukhtiar et al., 1990; Manzanares et al., 1996) . The objective of this study was to determine the infl uence of population density on kenaf DM yields, DM partitioning into aerial organs, and forage quality.
MATERIALS AND METHODS
This study was conducted at La Laguna Experimental Station of the Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias, located in Matamoros, Coahuila, México (25°32′ N, 103°14′ W and 1150 m altitude above sea level), on a clay loam soil. Soil preparation consisted of plowing, disking, leveling, and layout. Before sowing, 50 kg of N and 100 kg of P 2 O 5 ha −1 were applied, using granulated mono-ammonium phosphate. Sowing was performed on dry soil on June 21, 2005, and June 20, 2006. One 200-mm irrigation was applied immediately after sowing. Kenaf 'Everglades 41' was used, which is an intermediate-cycle photoperiod-sensitive genotype (Webber and Bledsoe, 1993) .
During 2005 the evaluated population densities were 160,000, 500,000, 840,000, 1,180,000, 1,400,000 and 1,550,000 plants ha −1 , while in 2006, 200,000, 500,000, 840,000, 1,180,000, 1,520,000, and 1,860,000 plants ha −1 were examined. The seeding rate was increased 100% over the target plant population treatments and plants were thinned by hand at 20 and 34 DAS to achieve the desired population densities. Plant densities changed from year to year because self-thinning reduced the stands below the target plant population in 2005. A complete randomized block design with four replications was used. Each experimental plot consisted of six 3-m rows with a row spacing of 0.38 m. To maintain adequate soil moisture, 120-mm irrigation was applied on 17, 37, 57, and 77 DAS. During the fi rst two irrigations, additional applications of 50 kg ha −1 of N as urea were made. During the 2005 growing season, a 68-mm rainfall was received compared with 178 mm in 2006. In 2005, average maximum, minimum, and mean temperatures were 36.3, 21.3, and 28.8°C, respectively, and in 2006 these were 32.9, 21.2, and 26.8°C.
Pest control was conducted by means of two insecticide applications at 21 and 56 DAS. Endosulfan 35% C.G. (Velsimex, S.A. de C.V., Mexico D.F.; endosulfan; 6, 7, 8, 9, 10, 5, 5a, 6, 9, 4 ,3-benzodioxathiepin 3-oxide) at 1.5 L ha −1 and Rescate 20 PS {DuPont Mexico, S.A. de C.V., Mexico, DF; acetamiprid; (E)-N 1 -[(6chloro-3-pyridyl)methyl]-N 2 -cyano-N 1 -methylacetamidine} at 0.400 kg ha −1 were applied for whitefl y (Bemisia argentifolii Bellows and Perring) control at 21 and 56 DAS. Weed control was achieved by hand and hoe.
Before harvesting, plant height and stem nodes from fi ve randomly selected plants per plot were recorded. Four 2-m rows located at the center of each experimental plot were used for determining yields. The harvested plants were cut 20 cm above the soil surface, at 87 DAS in 2005 and 89 DAS in 2006, and before fl owering. After harvesting, stem diameters were measured on 20 plants per plot. The number of harvested plants per plot were counted as well.
At harvest time, fresh forage yield per plot was determined. Dry matter percentage per plot was calculated using a plant sample from a 2-m row (0.76 m 2 ). These plants were dried in a forced-air oven at 60°C, until a constant weight was obtained. Dry matter yield was determined multiplying fresh forage yield times the percentage of DM obtained on each plot. Dry matter yield per plant was determined by dividing DM yield by the number of plants harvested on each plot.
Dry matter partitioning into plant aerial organs was also determined at harvest time. To achieve this, one 2-m row (0.76 m 2 ) from each plot was sampled, and stems and leaves (blades and petioles) were separated. Plants were dried at 60°C until a constant weight was obtained, to determine the dry weight of each aerial organ of the crop. Leaf area index (LAI) was determined for each plot using a LAI-2000 consisting of an optical sensor (LAI-2050) and a control unit (LAI-2070) (LI-COR, 1992) . Two readings were recorded in the center of each plot, one was taken above the canopy and the other beneath.
The plants that were sampled to estimate DM percentage were also used to determine forage quality in terms of CP, rate of 0.157 per 100,000 plants ha −1 . In 2006, LAI ranged from 3.6 to 4.0 ( Fig. 1 and Table 2 ).
The plant densities required to achieve the maximum DM yields in this study (920,000 to 1,245,000 plants ha −1 ) were higher than those reported in studies aimed for fi ber production . However, considering only the part of the curves where the yields reached 95% of maximum yields ( Fig. 1; 343 ,500 to 637,000 plants ha −1 ), the results are similar to other reports indicating that 400,000 to 700,000 plants ha −1 are required to obtain maximum yields (Campbell and White, 1982; Bukhtiar et al., 1990; Manzanares et al., 1996) . Although lodging was not observed in this study, due to the eff ects of plant competition on stem diameter in high plant populations, kenaf plants could be more susceptible to lodging as indicated by Higgins and White (1970) and Massey (1973) . Therefore, to determine the optimum plant population, lodging susceptibility aside from DM yields should be considered. Under these conditions, kenaf response indicates that the best plant population could be below 840,000 plants ha −1 to avoid an excessive reduction of stem diameter. Assuming a yield of 95% of the maximum to be suitable, the proper population range for kenaf forage harvested at 89 DAS would appear to be between 343,500 and 637,000 plants ha −1 .
Dry matter yield response in this study diff ered from previous trial that reported a lack of response in kenaf DM yields as population density increased above 160,000 plants ha −1 . However, taking into consideration that DM yield increases due to plant population were between 8.4 and 18.9%, the results showed that Everglades 41 plants had high plasticity since they had the capability to compensate for lower number of plants per surface unit at low densities (160,000 and 200,000 plants ha −1 ) with a ADF, and NDF. The dried plants were ground in a Wiley mill to pass through a 1.0-mm screen. These samples were analyzed according to the procedures described by Goering and Van Soest (1970) for NDF and ADF and using the Kjeldahl procedure for N (Bremner, 1996) .
All data were analyzed with the General Linear Model using SAS statistical software (SAS Institute, 1985) . Data were combined over plant population and years. Weighted least squares regression was used to examine the relationship of the means of each plant density to DM yield, agronomical characteristics, and forage quality parameters. Linear or quadratic equations were selected according to the signifi cance of the regression coeffi cients. Eff ects were considered signifi cant in all statistical calculations if P values were ≤0.05.
RESULTS AND DISCUSSION
Population density × year interactions for DM yield and LAI were observed, whereas no interactions existed for the other agronomic characteristics and quality forage parameters. Average over years, DM yield, DM yield per plant, number of nodes, stem diameter, LAI, and DM accumulated in stem and leaf were aff ected by plant population. When averaged across plant population, signifi cant DM yield, stem diameter, and forage quality parameters response was observed due to year (Table 1) .
Dry matter yields response to plant population diff ered between growing seasons, probably due to less favorable weather in 2005, when the trial received less rainfall and maximum and mean temperatures were higher than in 2006. Increases in DM yields due to plant population were higher in 2005 (1123 kg ha −1 ) than in 2006 (582 kg ha −1 ). The response of DM yield to population density was quadratic in both years. In 2005 the highest DM production was attained at 1,245,000 plants ha −1 , whereas in 2006 the maximum was achieved at 920,000 plants ha −1 . Averaged across plant densities and years, DM yields were of 6669 to 7023 kg ha −1 (Fig. 1 and Table 2 ). These production yields are similar to those reported by Reta et al. (2006) with Everglades 41 harvested 83 DAS at the same experimental location (6920 kg ha −1 ). Studies conducted in the United States by , Muir (2001) , and Nielsen (2004) reported production levels of 4764 to 7512 kg ha −1 , which were lower or similar to those found in this study.
Dry matter yields per plant, number of nodes, and stem diameter decreased as population density increased in a quadratic model. The main changes occurred when plant density was between 160,000 and 840,000 plants ha −1 . Plant height was not aff ected by population density. Reductions in stem diameter due to population density increases are similar to those found in other studies, resulting from intraspecifi c competition among plants (Campbell and White, 1982; Acreche et al., 2005) . As for the LAI, only in the fi rst year was a positive linear relationship with plant population observed, with an increase higher DM accumulation per plant and larger diameter stems. Also, the results showed that DM yields began to reduce at high plant populations (Fig. 1 ). This behavior can favor an adequate stand establishment considering kenaf self-thinning, without detrimental eff ects on DM yields.
The DM partitioning into kenaf aerial organs per plant as aff ected by plant density showed a quadratic trend (Fig.  2 and Table 2 ), in which a greater accumulation of DM can be observed in stems as well as in leaves of lower-density populations. In all cases the primary changes occurred when plant density was increased to between 160,000 and 840,000 plants ha −1 . Little diff erences in DM distribution into the aerial organs of the plants were observed due to a compensatory eff ect. On average, DM partitioning was between 63 and 66% in stems and between 34 and 37% in leaves (Fig. 3) . Dry matter percentages in leaves were slightly above the 32% reported by Bledsoe and Webber (2001) for Everglades 41 harvested at 60 DAS, but similar to 36.2% found by in kenaf harvested at 76 DAS, 37% observed by Webber and Bledsoe (2002) Increases in population density were not related to kenaf nutritive value in terms of crude protein (CP) and fi ber concentrations (Table 2 ). In 2005, average CP, ADF, and NDF concentrations were 177, 453, and 524 g kg −1 , respectively; while in 2006 these values were 126, 497, and 613 g kg −1 , respectively (Fig. 4) . This response is probably predictable when considering that density increase did not modify the forage leaf and stem proportions, which are related to forage quality in terms of CP and fi ber concentrations (Swingle et al., 1978) .
Nutritive-value parameters obtained were similar to those found by Reta et al. (2006) on Everglades 41 established in the same location with a population density of 160,000 plants ha −1 and harvested at 83 DAS during its fl owering phase. Swingle et al. (1978) and Muir (2002) reported higher CP concentrations (192 g kg −1 ) and lower ADF (280 to 290 g kg −1 ) and NDF (350 to 380 g kg −1 ) concentrations in studies conducted in the United States, harvesting between 80 and 90 DAS, than those found in this experiment, probably due to an earlier phenological phase at harvesting. This behavior is observed in kenaf forage harvested at 52 DAS, at an average plant height of 1.0 to 1.20 m, making it possible to reach concentrations of up to 169 g kg −1 CP, 373 g kg −1 ADF, and 408 g kg −1 NDF with Everglades 41 under similar conditions to those of the present experiment (Reta et al., 2007) . Swingle et al. (1978) reported concentrations of 110 g kg −1 CP, 520 g kg −1 NDF, and 412 g kg −1 ADF in kenaf harvested at 130 DAS.
CONCLUSIONS
Nutritive value and DM yield of kenaf forage harvested at 89 DAS, showed a high plasticity in response to plant population. Nutritive value in terms of CP, ADF, and NDF was not modifi ed by plant population. In DM yield, the response to population density was quadratic, with a large plant population interval with high DM yields. Considering only the part of the curves where yield reached 95% of maximum yields, the proper population range for kenaf forage would appear to be 343,500 to 637,000 plants ha −1 . The high plasticity of kenaf forage can be an important characteristic because it allows adjusting seeding rates to ensure adequate stands considering self-thinning, without detrimental eff ects on yield and nutritive value. 
